The present work is a review of the natural products isolated from red marine algae of the genus Osmundaria (including Vidalia), which intends to encompass their occurrence in the species of this genus, the possible synonymies, their geographic distribution, their structural variety and their biological potential as prototypes for the pharmaceutical industry and as active principles of cosmetics. At the end, we provide a table with these natural products and their biological activities.
Natural products represent the greatest source of chemical diversity and have been lead compounds in pharmacological studies since the past century [1] . These products and their semisynthetic derivatives have provided a unique source of therapeutic agents used in the treatment of infectious diseases [2] . In addition, their use as food additives and in the production of toiletries has been widely discussed since their effectiveness and the risks they may represent to human health are being evaluated [3] [4] [5] .
With regard to natural products, numerous compounds with biological activity have been isolated from marine organisms, such as sponges, corals, echinoderms, tunicates, bacteria and fungi [3, 6] . The main motivation of studies involving marine natural products is their antibacterial, anticoagulant, antifungal, anti-inflammatory, antimalarial and antiviral action [7] . Some of these products are already in various stages of clinical study, for example, bryostatin, an anticancer substance isolated initially from the bryozoan Bugula neritina [8] . Several substances on the other hand are currently commercialized, such as Yondelis®, with anticancer action, isolated from a tunicate; Prialt®, which has analgesic activity and is isolated from a mollusc; and two substances isolated from sponges, Vira-A®, an antiviral product, and Cytosar-U, an anticancer agent [9] .
The macroalgae are rich in fibers, proteins, minerals, vitamins, antioxidants, phytochemicals and low calorie polyunsaturated fatty acids [10] . Moreover, some natural marine products are utilized in the food industry as additives due to their gelling and thickening properties, such as carrageenan, for instance. It is important to mention the ulvans present in Chlorophyceae, and alginates, laminarins and fucans present in Phaeophyceae [11] . Marine algae, notably Rhodophyceae, are the most abundant source of sulfated polysaccharides consisting of carrageenans and agarans. Not only are these polysaccharides known for their rheological properties, but also for other biological activities, such as anticoagulant, antiviral, anticancer and immunomodulatory [12] . A variety of compounds, mainly bromophenols, has been reported for the algal genus Osmundaria [13] .
The genus Osmundaria J.V. Lamouroux (Order Ceramiales, family Rhodomelaceae), known for occurring only in the southern region of the Australian coast, has been studied in relation to its possible taxonomic synonymy with the genus Vidalia J.V. Lamouroux ex J. Agardh (Order Ceramiales, Family Rhodomelaceae), established by Norris in 1991 [14] . The majority of authors do not accept the separation of the two genera, considering all the former species of Vidalia as belonging to Osmundaria. However, several articles published after this study continued to use Vidalia, a wellestablished generic name in phycology [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
There are 13 species of Osmundaria cited in the literature, although only 9 are currently accepted [32] . Based on the reproductive structures of the algae, Norris [14] [14] , the present review will follow this order to present the natural products of this genus.
Osmundaria fimbriata
The motivation for the first studies came when researchers found stalks of O. fimbriata free from epiphytes that colonize other algae in the region of the Antarctic Peninsula [33] , which led to the isolation of some acetoxyfimbrolides. These compounds, found in the dichloromethane extract of the lyophilized alga collected near Sydney, presented antimicrobial and antifungal activity [34] . As well as acetoxyfimbrolides, the same authors isolated other halogenated lactones and defined their names according to their polarity in ascending order: fimbrolides (e.g. 1), They were then structurally elucidated by spectroscopic (1D-and 2D-NMR, UV, and IR) and mass spectrometric data [38] .
The halogenated lactones previously isolated [33] [34] 36] were found again and for the first time complete ¹H and ¹³C NMR data were reported for several of these compounds (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
In 1997, the isolation of compounds 23-26 from O. fimbriata (as D. fimbriata) collected in South Shetland, Antarctica, was performed [38] .This isolation was considered unprecedented because, since then, only halogenated ketones have been isolated [33] [34] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Moreover, the isolated compounds have shown biogenetic potential [38] given that the authors considered compound 27 the probable precursor of the majority of the metabolites with a skeleton of eight carbon atoms from members of the Bonnemaisoniaceae family. Nonetheless, new studies of the alga, currently known as O. fimbriata and a member of the Rhodomelaceae family [32] , are necessary, in order to evaluate the hypothesis suggested by Cueto and collaborators [38] . In reviews of organobromide compounds produced naturally [17] , and on volatile halogenated metabolites produced by marine red algae [19] , the authors listed the compounds isolated from the algae D. pulchra and D. fimbriata (28) (29) . A good portion of these compounds has been studied because of their action as blockers of bacterial quorum sensing [39] . Quorum sensing is a process that consists of the control of the expression of target genes in response to the size of population of bacteria [39] , such as Escherichia coli [3] and Pseudomonas aeruginosa [40] . The furanone, N-acetyl-γhydroxyvaline (30), isolated from a streptomycete found in marine sediment from Brazil [41] , has also been studied for its role in quorum sensing. When analyzing sterols present in V. fimbriata collected in Inhaca Island, Mozambique, it was possible to observe that C 27 sterols were predominant. Cholesterol and 22dehydrocholesterol were, respectively, the major and minor components [42] .
Osmundaria obtusiloba
The first report concerning isolated compounds from O. obtusiloba came in 1991 [42] when the bromophenols vidalol A (31) and B (32) , with anti-inflammatory activity, were isolated from the alga collected in the Caribbean Sea. One of the hypotheses for the mechanism of action of their anti-inflammatory activity is the inhibition of the enzyme phospholipase A 2 in the arachidonic acid metabolic pathway [16, 22, 43] . In 1996, during an investigation of neuroexcitatory amino acids in 46 species of marine algae occurring in islands of south-eastern Japan, kainic acid and domoic acid were found in O. obtusiloba [28] . Other marine algae and freshwater cyanobacteria also produce domoic acid [44] . Domoic acid (33) and kainic acid (34) are analogues and may contaminate an entire trophic chain [44] .
In 1987, in Canada, the first episode of poisoning by domoic acid in humans happened and the clinical condition was known as Amnesia Shellfish Poisoning [21] . Additionally, domoic acid may go through a pregnant women's placenta, damaging the development of the foetus, and causing temporal lobe epilepsy [44] .
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Carvalho & Roque published a review on the halogenated and/or sulfated phenols found in marine macroalgae, including O. obtusiloba. On the other hand, seven substances were identified in Brazilian O. obtusiloba [16a,16b], three sulfated bromophenols (35) (36) (37) , four bromophenols (31) (32) (38) (39) , one sterol and one glyceride. In 2012 [46] , the structure of the sulfoquinovosyldiacylglycerol isolated from a specimen collected in Rio de Janeiro, Brazil, was characterized for the first time. Glycolipids mono-and digalactosyldiacylglycerol were also found in the alga and characterized.
The use of this alga as food was studied by Ramos and colleagues [26] , in which the protein content (18 ± 1.7%), the dry weight (23.4 ± 2.0%), the composition, and the ratio of amino acids of the alga collected from the coast of Ceará, north-eastern Brazil were evaluated.
Methionine was the primary limiting amino acid for the majority of the species studied, including O. obtusiloba. In addition, the alga is rich in phenylalanine/tyrosine, when compared with other algae. In another study on the nutritive and non-nutritive composition of a miscellany of algae from Ceará, Brazil, including O. obtusiloba [24] , lectins and other toxic compounds that inhibit trypsin and αamylase were found. Also, a lectin from a specimen collected from the coast of Ceará, Brazil, was purified and partially characterized [23] . The authors observed a predominance of Asp/Asn, Glu/Gln and Leu, which corresponds to the amino acid composition encountered by Ramos and collaborators [26] .
Extracts from 4 marine algae collected in Rio de Janeiro, Brazil, were analyzed to determine their inhibitory effect on the formation of HTLV-1-induced syncytium [27] . At a concentration of 5% of O. obtusiloba, it was possible to observe a 76% inhibition, which is lower than the inhibition rates of extracts of Ulva fasciata, Sargassum vulgare and Laminaria abyssalis at the same concentration. The last of these species presented 100% inhibition at a concentration of 2.5%. However, it was clear that the extract of O. obtusiloba presented significant antiviral activity.
The antiviral activity and cytotoxicity of acetone and methanol extracts were investigated in Vero cells (cells from African green monkey) [46] . The glycolipids of O. obtusiloba collected in Rio de Janeiro, Brazil, presented potent antiviral activity against HSV-1-ACVs (Herpes Simplex Type 1 Acyclovir-sensitive virus) and HSV-1-ACVr (Herpes Simplex Type 1 Acyclovir-resistant). At the maximum non-toxic concentrations of the extract in acetone (50 µg/mL) and methanol (100µg/mL), the inhibition rates were respectively 82.2% and 99.5% against HSV-1-ACVs, and 99.7% and 99.9% against HSV-1-ACVr.
It was thought by then that the active glycolipids responsible for the antiviral activity were sulfoglycolipids and glycosyldiacylglycerols [6, 46] . Later, the fraction of sulfoglycolipids from O. obtusiloba was purified and its antiviral activity tested against HSV-1 (Herpes Simplex Virus type 1) and HSV-2 (Herpes Simplex Virus type 2). Inhibition of 75% and 96% was achieved by the purified fraction against HSV-1 and HSV-2, respectively. The authors [45] attributed this reduction of antiviral activity in relation to HSV-1 to the absence of other polar lipids in the purified fraction, such as glycoglycerolipids, which may have a synergistic effect. The cytotoxicity was also tested in Vero cells and the maximum nontoxic concentration was 50 µg/mL. The antifouling activity of the crude extract of the alga collected in Rio de Janeiro, Brazil, was tested against the mollusc Perna perna [47] . When algae had suffered previous damage by herbivory, their extracts presented approximately 10% inhibitory action. However, the extracts of the algae that had not suffered damage did not present antifouling activity.
A study on the difference in biomass of algae according to the variation in depth (10, 15 and 20 m) in rhodolith beds was conducted in north-eastern Brazil [48] . The greatest biomass observed for O. obtusiloba was at 15 m depth, with 3.08 ± 1.11g/0.25m², the second greatest observed of the 66 species studied, 37 of them Rhodophyceae. The general conclusion was that the number of species and abundance of macroalgae diminish as depth increases and transparency decreases.
Osmundaria volubilis
Contrary to the theory that red algae do not perform C 24 alkylation [49] , O. volubilis collected mostly in the region of Sicily [25, 32, [50] [51] presented 24-methylenecholesterol as the main sterol [50] . A study of the composition of fatty acids in the trophic ecology of the sea urchin Spatangus purpureus in the Balearic Islands, western Mediterranean [52] , measured the composition of fatty acids present in O. volubilis. High levels of polyunsaturated fatty acids, such as docasahexaenoic acid (DHA, C22:6n-3), were found, which is indicative of quality food. However, since the most well-known source of this acid is animal, the authors attribute its presence to epiphyte organisms of the algal fauna [52] .
Two Dragendorff-positive compounds, N,N,N-trimethyltaurine and 4-dimethylsulfonio-2-methoxybutyrate, were isolated and may be used as indicators in taxonomic studies [51] . (-)-(S)-4-Dimethylsulfonio-2-methoxybutanoate (DMMB), (+)-(S)-Nmethylaspartic acid (MAsp) and a betaine, 2-amino-5trimethylammoniopentanoate (ATMP), were isolated as well [25] . Similar to N,N,N-trimethyltaurine and 4-dimethylsulphonio-2methoxybutyrate, it was shown that they had an important role in the biosynthesis of methylated metabolites of marine algae [25, 51] .
The alga presented other sulfated substances, for instance 1',4potassium disulfate, 2,3-dibromo-1,4,5-trihydroxybenzyl and 2,3dibromo-5-hydroxybenzyl-1',4-disulfate [15a]. It is important to highlight that the last of these presented activity in vitro at 400 ppm against strains of Proteus, Klebsiella pneumoniae, Streptococcus pyogenes, Pasteurella and Salmonella typhimurium [19] .
Osmundaria prolifera
As in the case of O. fimbriata, C 27 sterols predominate in O. prolifera. Cholesterol and 22-dehydrocholesterol are, respectively, its major and minor compounds [42] . The authors concluded that the sterols present in this alga could not be used as taxonomic markers because of their heterogeneity. Indeed, O. prolifera has been collected as O. prolifera in Venus Bay, South Australia, and as V. gregaria in Eucla, Western Australia [42] .
Osmundaria serrata
Studies on the growth of fungi and marine and terrestrial bacteria have shown that the crude extract of O. serrata presents good antimicrobial activity, indicating the presence of an active compound [53] . The extract provoked deformities and altered the production of chlamydospores of the fungi Verticillium sp. and Rhizoctonia solani [53] . In addition, extracts of algae collected from Palm and Trafalgar Beaches, KwaZulu-Natal, South Africa, were tested against terrestrial and marine bacteria, as well as against fungi of medical and/or economic importance. These studies also 536 Natural Product Communications Vol. 8 (4) 2013
Osako & Teixeira led to the first isolation of lanosol ethyl ether (40) from O. serrata. The results indicated that this compound is more effective as a bacteriostatic and fungistatic, with minimum inhibitory concentrations (MIC) of 0.27 ± 0.07 mg mL -1 , than as a bactericide and fungicide, with MIC values of 0.69 ± 0.15 mg mL -1 [16, 22, [53] [54] . Except for old parts, biofilm coverage was observed over the entire alga, including meristematic regions [53] . Afterwards, the authors treated samples of O. serrata with osmium tetroxide (OsO 4 ) in order to evaluate if this treatment, followed by fixation in glutaraldehyde, could preserve the biofilm [55] . This hypothesis was confirmed with the observation of stabilized lipids in the extracellular polymeric substance of the biofilm, indicating that these lipids may have a role in the cohesion and integrity of the biofilm.
Vidalia spiralis
3,4-Dibromo-5-methylenecyclopent-3-ene-1,2-diol (41) was isolated from specimens of Vidalia spiralis collected in Western Australia [17, 19, 56] . Although the crude extract of the alga in dichloromethane has shown hypotensive activity, and the extract in methanol, a stimulating activity on the central nervous system, the previously unpublished dibromodihydrofulvene is not responsible for the hypotensive activity of the crude extract [56] .
Osmundaria colensoi
The kinetics of assimilation of ammonium was investigated using O. colensoi collected in north eastern New Zealand, along with the green alga Enteromorpha sp. [57] . The utilization of ammonium by marine algae comprises three essential components: capture of ammonium amino acids in the environment, assimilation of the ammonium present in amino acids, and incorporation of amino acids in proteins and other macromolecules [58] . O. colensoi and Enteromorpha sp. presented Michaelis-Menten assimilation kinetics, a model originally designed to measure enzymatic activity rates with maximum assimilation rates (V max ) of 12 and 27 µmol.(g dry weight) -1 .hour -1 and a Michaelis constant (K m ) of 41 and 18 µM, respectively [57] .
Although not considered part of the fish diet in New Zealand [59] , the lysis of algal cells caused by gastric acids observed in the digestion of herbivorous marine fish was investigated. O. colensoi collected from the north-eastern coast of New Zealand was included [60] . Spectrophotometric analyses showed peaks of absorbance for O. colensoi at 230 nm and 287 nm. Effects caused by reduction in pH during enzymatic hydrolysis of starch were not observed. The authors concluded that the differences in effects caused by pH are related to the algal morphology: the more delicate, the greater the upper limit of susceptibility to enzymatic digestion [60] . Its nutritional composition was also analyzed [59] .
A study was made of the population of the mollusc Perna canaliculus in the north of New Zealand associated with the colonization of O. colensoi, as well as other Rhodophyceae, such as Plocamium costatum and Corallina officinalis [61] . Perna canaliculus is the basis of a US$150 million economy in New Zealand [62] . An obstacle to the expansion of this industry is the low occurrence of natural seed necessary for the growth of P. canaliculus [63] . However, it was shown that the apolar extract of O. colensoi caused an increase in the colonization of the mollusc, while the polar extract reduced it. This study also evaluated the significance of the type of substratum to which the molluscs are attached and studied the effect of natural products on it. The conclusion was that hilly surfaces facilitate colonization more than flat ones regardless of the presence of extracts [63] . 53] , the nitrogenated bromophenol colensolide A (42) was also obtained from the methanol extract of O. colensoi collected in New Zealand [13] . The anticancer activity of lanosol butenone (43) isolated from O. colensoi was investigated and presented cytotoxicity to human leukemia cells with an IC 50 value of 8.0µM. The antimicrobial activity of this compound was also tested, along with lanosol methyl ether (44) and rhodomelol (45) . All of them presented antibacterial activity against strain MC155 of Mycobacterium smegmatis with IC 50 values of 7.8, 26.2 and 28.1µM for lanosol methyl ether (44) , lanosol butenone (43) and rhodomelol (45) , respectively [13, 22] .
2-O-Methyl-3,6-anhydro-α-L-galactopyranosyl, found in Bostrychia montagnei, a member of the Rhodomelaceae, was also found in O. colensoi. Nevertheless, the agarans of B. montagnei collected in the tropical Atlantic did not present the gelling properties of O. colensoi [64] . Table 1 present the natural products isolated from Osmundaria species and their biological activities.
Osmundaria oliveae, O. papenfussii and O. melvillii
These algae have no published work on their natural products.
